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2. 

Since the selection of the caprinized, lapinized, 

aviarilzed and avianized- lapini ;ed strains of attenuated 

rinderpest virus, the problem of ir_r unizin; large numbers 

of cattle chehply and effectively in Africa and Asia h_s 

been resolved. In recent ye hr , the e pizootiolo ,ical 

picture has changed in countries where an efficient 

vaccinaLion policy has been pursued. Today sporadic 

outbreaks are alleged to occur, usually in newly - weaned 

calves, inferring that any maternally -- derived i:nunity hs 

waned and tIe calves Care susceptible to infection. 

Calves, the progeny of ir:imne dams, are reurded as 

poor subjects for active immunization against rinderpest. 

Furthermore, little is known of the immunological response 

of calves, the progeny of rinderpest susceptible dan c . 

This study was designed to clarify the problem by 

using standard serological to chni(!ues. 
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REVIEW OF THE LITTRATUI-3E 



4. 

THE PRODUCTION OF ANTIBODIES BY YOUNG ANIMALS 

The in u1 ological responses of young anir:a-ls to 

antigenic stimuli may differ from those of adults. Moll 

(1900) reported that one out of tuo young rabbits of about 

3 creeks of age, previously ineculated several tines with 

horse serum globulins, had a lower titre than an adult 

rabbit inoculated in the same way. Moll stated that sera 

of 3 weeks old rabbits inoculated with cholera vaccine had 

lower bacteriocidal titres than adult rabbits, and that 

production of agglutinating antibodies against IILL12 cholarae 

and of sheep cell haemolysins less in young than in adult 

rabbitu. Newborn guinea pigs were not sensitized so readily 

to sheep serum as adults, and produced less precipitins 

(FriedberFrer and. Sirmel, 1913). Similarly onlgr 3 out of 

50 infants produced. a ; ;iu- inins after vaccination with 

typhoid vaccine (Frankenstein, 1,20). Halbert Hirsz e1d 

and Mayzner (1927) found that after immunization against 

typhoid the agglutinating titre of the serum uu lower in 

infants than in chilc'ren aged 2 -5 years. Hapa_, (1920) 

reported that blood groups were seldom found in infants 

younger than one month andri not reach adult titre until 

2 years ole. 

Frei/lid (1x;30) compared the production of agglutinins 

against Bacillus ty phosus and sheep cell haerolysin in 

;, ou1n.`., rabbits 1 or 2 days old, with that in adults. Only 
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2 out of 10 young rabbits produced B. typhosus 

agglutinins in d.ctectble ämou. is whereas all the ad alts 

did so in higher L:ounts. All oi G young rabbits 

produced haerìolysin but in much smaller amounts than six 

adults. Production of r_ecinitins against horse serum 

and e_'g uhiL.o much less in the young than in the 

adult rabbits. Arthus' phenomenon wa;= not produced 

in young rabbits ii irnuc izod t ith horse serum or egg white. 

Baumgartner (1934a, b) investigated both : u, n titative 

and qualitative diferences in anti -body production in 

ra ,obits of different ages. The re ponse- of "you: g" 

(4 -7 weeks old) , "adult" (6 -13 months old) and "aged" 

( two years old or more) rabbits to inoculations of sheep 

erythrocytes and kI -lled D .enter _..tidis were determined. 

"Young" ni L ls produced fewer antibodies than "adults" 

while "aged" animals were les :.: able to produce antibodies 

than "adults ". Qualitative differences in the sera 

from animals of different ages were also shown, the "avidity" 

being greater in "adults" than in young animals. Baumgartner 

(1937) further found that young rabbits (7 -8 weeks old) 

produced less iirecipitins against horse serum than adult 

animals (2 years old), and that a:ntisera produced in young 

rabbits tended to combine with specific antigen in different 

proportions to those of adults. 
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Published work on the immune response of young calves 

to antigenic stimuli is meagre. Henning (1953a, b) found 

that calves of less than 7 days old produced "H" but 

seldom "0" agglutinins following the inoculation of 

formalized aluminium hydroxide precipitated Salmonella 

dellin vaccine. Cattle receiving a similar vaccine 

(thou. ,h 3 times as concentrated and in 4 times he dose), 

produced both "H" and. "0" agglutinins. Kerr and Robertson 

(154) reported tha calves of less than 3 weeks old c_id . 

not develop Trichomonas foetus agglutinins follouin, one 

inoculation of antigen. Subsequent exposure revealed that 

the calves had acquired a tolerance to the antigen. The 

first unmistakeable response occurred when calves were at 

least 30 days old. Kerr (1956) found that only 1 of 6 

calves of 7 days of ago inoculated with living and dead 

3rucolla abortus and Sa Ö ao c u nell b1Zn antigens produced 

a d tectable immunological response and then only to a low 

titre. Two of the calves inoculated possessed a passive 

i5uunit y against L . cbor t . Nevertheless, 1 dey old calves 

re<c to d with an immunoloc;ical response again: t skin 

homographs just as vigorously as adults (Dillingham and 

Lampkir, 1957). 

The first attempt to determine the timo at which a 

species of animal became immunologically "adult" was that 

of Wolfe and Dilks (1948), who inoculated bovine serum into 

chicks aged from 1 day to 12 weeks and bled and tested their 

ser a for precipitins 9 days later. Slir'htly less than 50 
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per cent of chicks injected on the first or third days 

after hatching gave detectable precipitins_ A similar 

percentage of those inoculated at 1 week old produced 

antibodies, but the -nitres were considerably greater. 

The -Litres produced in 2 week old chickens increased and 

l: out of 29 birds responded. At 3 weeks old, 15 out of 

20 birds inoculated procuced e'r %tibodies. At 4 weeks of 

age, 24 out of 31 responded. At 5 weeks n_ ace, 30 out 

of 31 responded, f:-nd: the titres .:ere eimil&i to ti?oí e in 

chicks of 4 weeks of age. All chicks from 6 -12 weeks of 

age gave detectable precipitin, , he titres being higher. 

This seemed to indicate that at 5 weeks of age the 

icrecipitin response had almost reached its maximum. The 

authors considered that the results correlated well with 

the work re of d by Herrick (1925), who studied the 

resistance of chicks to the nematode Ascaridia versp1lum. 

In chicks up to 15 days of age the parasite grew in. the 

greatest amount, but in older chicks the parasite grew less 

and by 100 days of age resistance to the rar-aef.i:ic reached 

its maximum. However, Cannon and Longmir e (1952) found 

that some chicks of a few deys old accepted skin homograph 

but they were always rejected by chicks of 2 weeks old. 

Overman (l951) suggested that the term "adult" Der LI 

has little meaning in biology, and that each individual is 

a mos`c of various ages which includes mental age, sexual 



age, etcetera. Ovr_ian investigated the antibody 

response of sucklin mice to the inoculation of a killed 

mumps virus vaccine. He inoculated litters of in -riou: 

as well as adults. As the age increesed., the ability to 

respond' to the a-nticepic : tinulus appeared and became more 

efficient. The critical period was between the ages of 7 

and 14 days. None of the mice inocelated when lees than a 

week old had detectable antibodies 3 weeks later. Never - 

theless, Ll1 tie mice except those inoculated when 1 day old 

were sensitized and gave a marked secondary response on 

re- inoculation. In further studies, Overman (1954b) showed 

that in suckling mice there was a correlation betv--een the 

ability to form antibody end the resistance to mouse-adapted 

mumps virus. 

Much attention hae been focussed recently on the response 

of infants to diphtheria, pertussis and tetanus vaccines. 

Sake (1947) compered_ the agglutinin titres of children 

inoculated at various ages ranging from 2 weeks o 5 years, 

with 3 doses of an alun precipitated toxoid (A.P.T.) 

pertiissis vaccine given at monthly intervals. Agglutinin 

titres were determined 2-4 months after the course of 

inoculation had been completed. Children belch the Lze of 

3 months as well as those of other age groups developed 

agglutinins. On the other hand, a similar study by 
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Peterson 1.0 Christie (1951a) revealed a trend for the 

respon ie to be better in each succeeding older age group. 

Previously, di Snn-t'Agnese (1949e)had recorded consistently 

higher gertu:sis agglutinin titres in children inoculated at 

6.12 Lionths of age than in those inoculated at 7 days of age. 

In ,::;c itio ?., children 6 -12 months of age produced 

iL nili cnntly higher diphtheria antitoxin titres then 

newborn infants. Tetanus antitoxin production in the 

two groups was siail- r, a finding also recorded by 

Peterson and Christie (1_51b). However, Osborn, D:.:- n.cis 

ne Julia (1952x) reported that infants of 1 month or less, 

did not respond as well Ls older infer tc following the 

single inoculation of a combined hi i, titre tetanus and 

diphtheria toxoid, but the - the production of tetanus 

antitoxin ir i nf`c..'nts of 1 month or uneei r was, more rapid 

th, n the production o- diphtheria t..ntitoxin. V1ah11ui.st, 

Murray and Persson (194:í) found that a single inoculation 

of diphtheria A.P.T. stimulated the pro action of 

diphtheria antitoxin in babies a few days old, but the 

resipons . was slower than in those of 2--3 or 6 -3 months 

of age. Three months after inoculation, the titres in 

babies of all groups pere similar. Osborn et al. (1952n) 

also found that children of 1 month o_° less at the time 

of inoculation of a diphtheria A.P.T. did not respond as 

quickly as older infants; in addition the titres in the 
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younger infants did not reach levels achieved by the 

older infants. Infants under 2 weeks old responded much 

les: than those i month old, who in turn had a much smaller 

response than infants 2 months old. 

Thus a general agreement emerges that infants a few 

e's y:- old cen respond to some Lntigens with the production. 

of L._i tìbodies. Findings on the rate of production of 

ntibodies and the titres a tteined have varied. As Sel :o 

(1947) and Vahlciuist et al. (1946) pointed out, the 

previous poor results in newborn infants were probably due 

to inferior fluid toxoids, to :she failure to recognis the 

inhibiting effect of maternally -derived antibodies, and to 

ignorance of the slow response of babies. Vahlquist et al. 

suggested a further error caused by comparing the response 

of infants with that of adults, many of whom had oro bably 

been actively immunized earlier in life and thus were 

showing secondary, not primary, antitoxin responses. 

The modern concept ie that very young animals can 

produce antibodies. Variations are explained by 

differences in antigen and in techniques used to measure 

the responses. 
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MATERNALLY-DERIVED ANTIBODIES 

The defence machanisrr of tiffe young mammal against 

ini-ectiow diseases differs from that of the adult. 

Mammalian mothers po`J se sing an active immunit against 

certain dineuses confer ïlpoii theist' pco efy a pa L save 

ijhich may last until the younc animal produces 

an active in .nunity. Loliiriger's (1877) was the first 

report of thi ;; phenomenon_; he found that lambs born of 

recently vaccin .tcd ewes were immune to cowpox. Confirmation 

quickly followed. Chauveau (1&0) immunized Algerian sheep 

Lgainst anthrax during pregnancy ":nd demonstrated that the 

offspring were also immune. 

Ehrlich (1892) in his clac tical experiments shoved 

that the newborn animal may obtain maternally-derived 

i Juni ty via the plLcenta nid the ma amary gland. Further 

evidence of the transmission of passive immunity via the mamrfiary 

gland was c'iveil by Fa, lulener (1912) who concluded that the 

transplacenta_.I route was of little importance in the 

transfer of passive immunity from the goat to the kid. In 

humans, colostrum was a negligible factor in the transfer 

of pas ;,ive i: uni t, (Kuttner and Ratner, 1923). 

Pioneer work on the value o colostrum to the newborn 

calf was carried out by Theoba_ld. Smith and his co-workers in 

their investigations into the death of newborn calves from 

B, /cerium coli infections. If deprived of colostrum 75 per 
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cent of newborn calves died from B. col=i, septicaemia. 

If riven colostrum they survives'. (S ?i-ft. and Little, 19222). 

Similarly, calves born of immune 6aire did not possess s 

Lrucella abortas agglutinins at birth, but these antibodies 

appeared in the serum soon after in estin } colostrum, and 

the calves' serum titres were similar to or ^Treater than 

thoL;o o = the dams (Little and Orcutt, 1922). Furthermore, 

the colostrum MS replaceable by the immune serum (Smith 

and Little, 1922b). Howe (1924) showed that the blood of 

newborn calves lacked pseudoglobulin and euglobulin, but 

these appeared Quickly following] the ingestion of colostrum. 

Most workers agree that calves at birth lack antibodies. 

Via;ucella abortas agglutinating antibodies ( Little and Orcutt, 

1922; McAlpine and . Rettger, 1925; P cDiarmid, 1946 )2 

diphtheria antitoxin (Mason, Dalling and. Gordon, 1930 )9 

T ±'ichomona s foetus a g lutinU t in - antibodies (Kerr and 

Robertson, 1946) and Rickettsia burneti complement-fixing 

antibodies (Winn and , lson, 1952) were absent from the sera 

of calves born of dams possessing these antibodies until 

after the ingestion of immune colostra. The findings of 

Winn and 71son (1952) were unusual in that when colostrum 

containing R.burneti .ntiboc!.ies was fed to newborn calves, 

the antibodies appeared in the sera of those born of 

serologically positive, but not those of serologically 

negative damns. However, this extraordinary findin. 
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requires confirmation. 

Hansen . and Phillips (1947) showed that absorption of 

gamrnu, globulin occorred d:jrilv; the fir'st 24 hours of the 

calf's life. CiCè.4':l1ne, Roberts and Z`itcher? (1951) arti- 

ficially Introduced immure colostral whey into the small 

intestines of cL.lves aged 6--27 hours cna recovered Br. czbortus 

agglutinins in the lymph of the thoracic ducts. Uler whey 

was introduced into calves aged 63-65 hours, the agglutinins 

were demonstrated in low titres or were absent. Campbell, 

Sa,rwz.r and Petersen . (1957) claimed "effective absorption of 

antibody from the gastrointestinal track does occur after 

the neona,ta3., aeriad.; thus transmission of immunity with 

milk may be nresu.med to occur for the duration of nursing". 

Campbell et al. gave no experimental data to support this 

hypothesis but quoted the work of Gruskay and Cooke ; 1(:; 55 ) 

which swzgested that in babies the absorption of unaltered 

protein was fE>_cili.tatee7 in infantile diarrhoea. 

Little is known of the relationship of antibodies in 

the serum and the colostrum. Henning (1953a) reported 

that in cows immunized with a Sa lmonella dublin vaccine 

the ti-urn of "H" agglutinins in the colostrum varied from 

2-32 times that of the serum, whereas the titre of ':0" 

agglutinins in the colostrum was rarely more t1-an twice 

that of the serum. In 8 immune ewes the ratios 
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The latter author concluded tha, t L he duration of 

Br,abortus agglutinins in calves born of i=arhurie: dams was 

from 1--10 weeks. Further, both the titre in the calf 

after suckling and the period of persistence depended 

upon th titre of the colostrum. A similar 

relationship between the initial titre in the young 

animta and the duration of immunity was found by 

Alexander and Ka,son (1541) who investiL L : ed the 

transmission and. persiLtence of horse sickness antibodies 

from immune mares to their foals. The serum titre of 

1/64 in one foal 16 -30 hours after birth dropped to 1/4 

at 75 days and was zero at 125 days after birth, whereas 

in another foal the initial titre was 1/512 at 1/4 at 175 

days and zero at 325 days of age. Bruner, ;dwards and 

Doll (194 s) fount that 5 foals _:ors mares which had been 

inir un:ized ;,ith a Salmonella abortusek ui vaccine lost their 

maternally. derived ag<;lutinins between 1 and C months of 

age. Recently Schneider (1.57) reported that in calves 

born of highly ixu_n.zed darts, maternally -derived foot 

and mouth disease antibodies persisted for about 8 weeks 

after birth. Ott (1955) .: itho ut giving any experimental 

evidence, postulated that in t e pups of bitches iLimune 

to distemper, "when the puppy reaches six weeks of age, 

the antibody titre is extremely low; although this low 
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level may persist for a variable period". Gillesoie 

(1936) reported that maternally-derived distemper 

neutralizing antibodies were demomtrable in pups for 

fl-om 5 to 12 weeks after birth. Karzon (1955) found that 

in babies - maternally-derived (istemper or related 

antibody persi,ted fo: period- up to (-months after birth. 

Estimates of the half-life of passively acquired 

antibodies have been made. In human infants the half-life 

of maternally-derived diphtheria antitoxin was 4. weeks 

(aarr Glenny and Randall, 1949 ). In lambs the half life 

of maternally-derived diphtheria antitoxin was 28 days 

(Barr, Glenny and Howie, 1953 ). Placenta-passing rhesus 

antibodies had a half-life of 30 days provided an all wErce 

was. made for the dilution factor Cue to the increase in 

body weight pith age when calculating he result (Wiener, 

1951). 

Wiener applied his follmia to already publihcd data 

(Neill et al., 1932; Barret al., 1949; Mason et al.,1930) 

and found that the half-lifes of the antibodies concerned 

were always about 30 days. He, therefore, sugeested that 

the period of 30 days applied to all sera gLmma 

Howevc,: Dixon, a1mage, Maurer and Doichnillor (l:92) 

fould that the half.-life period varied u_dely from species 

to species and they suggested that the half-life of gamma 
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globulin depended in part upon the metabolic rate of the 

host. Fürthornore, they found that age affected the 

half-life. Homologous gamma globulins labelled with 

1131 
were use:d and it was found that in children aged 

between 6 mont s and B years the half-life was 20.3 days 

compared with 13.1 days in adult=s. These results agreed 

well with the ha]i= -liies of homologous antibodies. The 

average half -life s of -3rucellu abortus and Ti ichomona s 

foetus agglutinins were 14 -20 days in calves receiving 

immune colostrum (Kerr and Robertson, 1954). However, 

the range was wide and in one calf the half-life of 

Tr. foetus antibody was 57 days. 
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ACTIVE IP1MUNIZATION OF AìfIMALS POSSESSING 

MATERNALLY-DERIVED ANTIBODIES, 

The presence of maternally-derived a.ritibocies in 

young animals may interfere with the development of an 

active immunity. With the exception os diphtheria . 

i.munity in infants and ria4c..er-peti t immunity in cLives 

published v or k on the subject :°_;_ mea6re. 

Park, Zin:,7lîur and Scrota: (1914 ) coiî: ideree that 

diphthe7'ic i11jGG Wionti were inadvisable 

for infants less than O months old because most still 

retained passive antitoxic Immunity from their mothers. 

Si.ï ilarly Greengard and Berns±ein,1935 ) considered that 

maternally-derived diphtheria antitoxin interfered with 

the active proc.uctior, of antitoxin. In recent years 

the problem of actively immunizing infants possessing 

Passive diphtheria immunity has received much attention 

and most workers found that maternally-derived diphtheria 

antitoxin ciic not necessarily prevent the development 

of an active immunity ( Cooke, 194e; Vú.hlquist, Murray 

and Persson, 1946; . Vahlquist, 1949; di Sant'Agnose, 

1949b, Barr, Glenny and Randall, 1949; Greenberg and. 

Fle=:.inü, 1950, 1951; Christie and Peterson, 1951; Osborn, 

Danois and Julia, 1952b). Estiï::a te s of the highest level 

of maternally-derived antitoxin which allowed the 
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development of an active i1_iuunity by all inoculated 

babies varied from 0.02 (Vahlquist et a1,1948; 

Vahlquist, 1949) and 0.04 units per ml. (Barr et al., 

1949) to 0.1 units per ml. (Christie and Peterson, 1_,51; 

Osborn et all. , 1952b). Levels of passive i iunity which 

alwys prevented active production of antitoxin varied 

from 0.1 ( Vahlquist et al., 1548; Vahlquist, 1949; 

Barr et el. , 1949) to 1.0 unit per al. (Christie and 

Peterson, 1951). Osborn et al. (1952b) suggested that 

the use of more potent antigen may have accounted for the 

higher critical level which they found compared with that 

reported. by Vahlquist (1549). di Sant'Âgnese (1949b), 

Vahlquist et al. (1948) and Greenberg and Fleming (1950, 

1951) reported that infants possessing maternally- derived 

diphtheria antitoxin produced antibodies slower than 

infants which lacked antitoxin before inoculation; 

however the later workers found that 1 year after 

inoculation there was no significant difierence between 

the average titres of the tvo groups. In some infants 

although the maternally- derived antitoxin inhibited 

the active production of antibodies, the antibody - 

forming echanis;Aa were sensitized as shown by 

typical secondary responses on re- inoculation with 
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diphtheria toxoid latcr ( Osborn, Dancis and Julia, 1952'). 

S1i111vrly critical lovels wore found in lambo by 

Barr, Crlenliy and Howie (1:;53), ho 1.nvetigatGd the 

imaurologice.l respon,c of lambs :î. om iL:Lunizecz ewes to 

diphtheria toxoid. They found that those lambs which, 

ut the time of the first injection possessed a total 

etï:Litoxin content which neutralized-40% or less of the 

injected -UoXOid actively produced L:nvitoX1n but noti when 

i# 
y 

tii: 1 
L. 

''%y111 was r^ t + than 40%. Good the iJ ve LlílÚ .(:a.a .etR L1 VG'v Á 

secondary responses were given by all 1auííls whose antitoxin 

content ut the time of the first injection was twice that 

which would be áufiic:ie;nt to neutralize all the antigen 

injected, but where the total antitoxin content of the 

lamb was between L.5 and times th(: binCinE,' power of the 

injoccd antigen the secondary z°euponle wc:s poor. Some 

1c.mbs with c still greater passive immunity gave no 

active re: pons" to the Lecond injection of toxoid. 

Henning (1053a)was unable to actively i:.Imunize 

calves aged 1-14 days, the progeny of ii.uaune dams, Yith 

a Sulmonella dublin vaccine. Iie considered that such 

calves Lge d less than two months c: c i? 1C . not ac.;: ive ly 

procuce antibodies. Ale,'.,I:.c'.er and itason fOU: d 

that 4 foals, aged between 76 and 150 days, the progeny 

Of mares immunized against African horse sickness, did 
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not produce an active immunity folio.:ing the inoculation 

of an attenuated horse sickness virus. 

Ott (1956) stated that 6 weer] old pups, the progeny 

of bitches which hc. ve an "average" or "low" grade of 

immunity to distempers would respond to the inoculation 

of an egg- adapted attenuated distemper vaccine with the 

active pros uc tion of an tiWy , whereas pups of the same 

a.ge from mothers with a "high" level of antibody would 

not produce antibody. Ott gave no e :: peri:nental data. 

He fuxther stated that there "has been no indication 

that the passively transmitted maternal antibodies 

have persisted in high enough concentration to interfere 

with vaccination of and: puppy eight weer_s of ûc3 or older ". 
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RINDERPEST IMMUNITY IN CALVES 

As early as 1917, Montgomery in Konya reported. 

that the ri.ndor De st i: :u.yf.i ,mtion of calves under 

f: months of ace <.lt- a- ., satisfactory. i Many '_w_:C 'Tc., not d 
TC `':L`r.CtOI°,' ` ny 

later ívttrke.'`_'s considered that these dil'.Licul6ios 

we?-E:: ú soC1. GCCj with the progeny of immune dams 

(Crovori, 1919; A31z ar, 1924; Doutressoulln ,192a g 

Ratagliati, 1924; Ilalke r, 192S, 1930`s Jacotot, 1952; 

Hall, 1933; D' Oos,tc : arAd. L.alwant Singh, 1933; Ba nerj i, 

1933). A contrcly. view, that :young et-Ives irom 

L:ii_':une dams m"c._Zf be satisfactorily imii1Uni,LG-'G., was 

e:qpre:-sed by Ecwards (1927) who reported that very 

j.'t)ür4' calves were li_üil't1i13.rl.,ed by ti2`', serum-siTï:ti.lt:lî2ous 

method. The Ca9.Ües. seldom exhibited a tfxol'mal 

a-eae t:i-on fo_iioîfiïïk ; inoculation. The immunity was 

said to be a solid one for yei=r+; following 

vaecina';;iC3n. Edwards did not state whether the dais 

were immune or not, but they appear to have been so 

from the pager oi D' Costa and Balwant Singh (1933) 

who continued rinderpest e iihood it t'unity experiments 

in the same herd, and stated that the cattle were 

immune. 

Crove i (1919) working in Sotaliland, after 

experiments in which 9 calves from immune dams were 
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inoculated by the serum-simultaneous method, concluded 

that Uhe milk of an immune dam gave to and maintained 

in the calf by means of suckling, a state of passive 

ifL,Turity e hich lasted until weanin Lt 3 months of age. 

Thereafter the immunity declined. Croveri considered 

that between Lhe time d -ring which the calf was certainly 

irI11.ne, during suckling and for sone time afterw rds, 

and the tiuhe when it would show a charecteriet? c clinic4. 
reaction followings serum-simultaneous vaccinz Lion, 

period occurred during which the calf could be immunised, 

but the presence of small amounts of antibodies reduced 

the clinical reaction to vaccination. His statement that 

calves derived a pa.ssi.ye rinderrest ir munity from their 

is tmune dams through the milk was based on a calf, 

delivered by Caesarean section, which did not receive 

its dan's colostrum and which reacted to serum-- simlrltaneous 

vaccination when it weeks of arse. Another call' of the 

same age, born of an immune darn, which had been suckled 

normally did not react. However, the evidence is not 

conclusive as some workers (Askar, 1924; D'Costw_ dnd 

Balwant Singh, 1933) have claimed that calvos from im-.une 

dams end loss than 2 months of age LILT ÿ'oc' ct too se tun - 
simultaneoue inoculation. Most authorn hove assumed 

that the passive immunity of calves born of rinc'erpest 

immune dams was obtained via the colostrum, though 
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Rabagliati (1924) considered that calves were born 

with a high antibody content of their ti. sues, but game 

no details of e- periment 1 evidence. Gillain. (1944) 

put forward the vier.= that calves were inmune at birth, 

as two cLlves, said to have been separated from their 

dams at birth and fed on niIk from rinderpest suscentib1e 

cows, did not show any thermal reaction following the 

inoculation of caprinized r-+ ncerpe s t virus when aged 5 

and 10 weeks- respectively. Hale, Walker, Maurer, Baker 

and Jenkins (1(o46) considered no immunity is conferred to 

calves born of vaccinated animals ". This conclusion 

was reached after 2 pregnant cows were immunized with 

avianised rinderpest vaccine 8 and 16 days respectively 

before calving. Both cows were later found to be in: une 

on chlleng . However, no rinderpest neutralising 

antibodies were detected in the colostrum of the cow or 

in the sere of calves ot ny time after birth, Lind both 

calves were susceptible to challenge vith bovine rinderpest 

virus 67 and 62 days respectively v ftcr birth. 

Attempts to immunize young calvos born of rinderpest 

i mmune dams by various vaccines or by challenge r: it h 

bovine rinderpest virus, have given '.:a one information on 

the duration of the maternally-derived immunity, and 

of the value of attempting to ina unizc animals possessing 
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such pas: ive A dif : iculty as ; ocia1 e c =ith 

interpreting results obtained from calves inoculated 

with rinderpest virus and immune serum (the serum - 

simultaneous method of vaccine -tion) is that the serum 

used may have contained sufficient rinderpest u_r.-ibody 

to su7D1Ireso the normal thermal reaction, and that this 

suppression may have been attributed to ti-e possession 

of a maternally -- derived immunity. Askar (1 = 24) found 

that in one series of 34 calves bon of immune dams and 

less than 5 months of age which had been inoculated by the 

serum- simultaneous method, none gave a positive thermal 

reaction, 24 were negaAve and 10 doubtful. In another 

series of 29 calves from immune dams and under 5 months 

oié, 12 were positive, 12 d.ouctful and 5 nega ,ive, all 

the negative calves being less than 2 months old. 

Askar concluded that calves born of rinderpest iï. iune 

mothers wore suseectible to the disease after being 

weaned at 4 months of age. D'Costa and Balwant Sin°h 

(1933) inoculated groups of calves of various ages from 

immune dams by the serum- simultaneous method and chi llenged 

them with bovine virus 3 -48 months later. Twenty -eight 
436 36 

of 37 calves aged up to 5 month,: , 33Aof 6 -8 months, and 

23 of 25 aged 9 -24 months at the time of the ser um-- 

si:!ulta,neou a inoculation were considered to have been 

successfully immunized. The authors concluded that the 
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inoculation of calves under 4 months of age was of 

little practical value, wher_eE.:s the inoculation of older 

calves was economical, but that the best results could be 

obtained by further inoculation of viruc by itself 

12--1: months after the scrum --simultaneous inoculation. 

Si'_ilLr results were obtained by Banerj. (1933) who 

attempted to immunize calves from immune dams by a serum- 

simultaneous inoculation in which the virus wdas/.cap r1.??iúc3 d 

strain. On challenge 12 -31 months later, 5 out of 5 

calves innoculated when less than 3 months of age were 

susceptible.. In ad: ition, 1 out of 3 and 1 out of 6 

calves inoculated e hen aged .4 -6 months and 7-11 months 

respectively were likewise susceptible. 

Several w orkers including Raba gliati (1924) have 

inoculated. you ,_: calves from i ':une dams with bovine 

rinderpest virus alone. He found that 1 of 7 calves 

aged 1 month and 1 of 3 calves aged 5 months reacted. 

A calf from an iu une mother challenged with bovine 

rinderpest virus at 5 months of age did not res. 
When challenged 14 months later the calf still did not 

react. In other words, calves could be immunized without 

the production of a thermal reaction. Caliaichael (1934), 

inoculated bovine rindepest virus into 5 calves from 

immune dams and found that 2 calves s : ed 32`,and 64 days 

respectively showed distinct thermal reactions but 

recovered, another calf aged 2 days showed a very mild 



reaction whereas 2 calves aged 7 and 8 days respectively 

had marked clinical reactions and died á.ßd typical 

rinderpest lesions were found on post mortem examination. 

Raba,gliati (1924) also showed that young calves, 

born of immune dams immunized by the serum- simultaneous 

method before or curing: pregnancy, possessed some iiamunity 

against rinderpest, but he considered that this resistance 

was not so great in calves irom dams je munized before 

than in calves from dam: iemunized durinen pregnancy. 

Calves aged. 12-18 months., from le mune dams, were 

satisfactory subjects for immunization by the serum- 

simultaneous method. Walker (1921) found that only 6 

of 15 calves aged less than 5 months from immune darts 

reacted to challenge whereas 6 of 7 unweaned calves 

(age of wearing not stated) from susceptible dams reacted 

to challenge and died. Jacotot (1932) found that 1 of 

4 three -month -old calves, all ol= 3 six-month-old calves, 

both of 2 nine -month -old calves, and all of 47 one -year- 

old calves from iLuune dams reacted to challenge with 

bovine rinderpest virus. The same author gave Ln example 

of the value against natural rinderpest infection of the 

passive rinderpest immunity of calves born of immune dams. 

An outbreak of the disease occurred among a group of 

calves, all of which were exposed for several days. 

Four of 114 calves (3.5 %) of less than 3 months, 18 of 
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120 (15 %) of 3-6 months L.nd 39 of 85 (45.8%) of 6 -9 

months of aec contracted the disease. Jacotot also 

inoculated calves 1, 3, 51 7, 9 and 11 months old all 

from immune dams, by the serum- siüultaneous method and 

challenged thcr_i 12 -15 months later. He found that 

the calves aged up to 9 months at the ti me of the 

serum-simultaneous inoculation reacted to challenge. 

He concluded that virulent rinderpest virus was 

generally without effect t in calves from immune p:urents 

u-.7) to Ale age of 3 months, but that the passive immunity 

waned between 3--6 months of age, that seruu- sir..ultaneous 

inoculation did not give a solid iï.munity in calves aged 

less than 10 months, and that in calves of 3 months of 

age or less hardly any immunity at all was produced. 

DoutressoulT1.- (1924) found that the serum - 

simultane ous inoculation of a 6 -month -old calf fron 

an immune dam did not immunize he animal as it was 

susceptible to challenge 10 months later. Five calves 

from immune dams, challenged with bovine rinderpest 

viuus, showed oscillating temperatures and were immune 

to a second challenge 3 months later; 5 calves aged 1 

year from immune dams reacted severely to challenge 

Another 13 calves aged l -6 months from immune dams 
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were inoculated with bovine rinderpest virus and did not 

react. On a second challenge later 6 out of 8 calves 

reacted. Gillain (19 4) inoculated caprinized rinderpest 

virus into calves from immune dans. Only 1 out of 19 

calves aged 1-q months reacted, whereas s 12 of 14 aged 

7-19 months reacted, the two e ;.ceptions being aged 14 ; nd 

15 months respectively. Gillain (1'1,5) quoted Daubney 's 

view that the re:rj_s t".nce of young calves to rinderpest 

vaccine inoculation mih3: be due as much or more to 

an age factor them to iLmunity transmitted by the milk of he 

immune dam. Gillain therefore inoculated calves from 

immune and non-immune dams with caprinized rinderpest virus. 

All of 17 calves from non-- i1imune dams reacted, whereas 

of 8 calves from i mm me dams 7 did not react and l was 
doubtful. The author concluded that the resistance was 

not due to an age factor, Milne (1956) inoculated groups 

of calves of various ages, born of immune dams, with 

caprinized rinderpest virus noted the thermal reacUons, 

challenged the animals for a second time later with the 

same virus and again noted the thermal reactions. 

He concluded that the passive il;.munity may laàt as lone 

as 131, months after birth, that the inoculation of 
calves of 6 -12 months of age from immune dams was of 

doubtful value, tha t the inoculation of calves of 2-6 

months of age from immune mothers was of little use and 
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that some c e Lve s which react to capr ii2i zr d rir_d erpe st 

virus whexa. 2a6 months o.Lc' do not necessarily retain an 

immunity, as one cali of this a.ge which reacted to the 

first KAG irroc ,._la.tior ,leo reac ed aatin to a second 

inoculation 7 months later. Marçu4 and Koumarë Palley 

(1949, 1950 ) c:omiderEd that inoculation with caprinized 

rinderpest virus produced an immunity in calves which 

lasted until the animals were sr,eu:.ned, They considered 

that it parti ali_y pr completely disappeared after wea:.rin,(:, 

because 12 calves, each of which h been inoc°,al.ated with 
caprinized ris t,erpest virus .hen : oun;-;, reacted to challenge 

with bovine virus at the point of w;:aninf . It was not 

stated if the calves wore from ir:imune dams, or what the age 

of weaning was. Calves immunized cith caprinized virus 

at the time of weaning Ltirt.:re iLmu-?e to chal?elve 15 days later 

and to .rnec.ha,llorigo 15 months later. The authors suggested 

that unweaned calve s should be inoculated and re-inoculated 

at wea:niá=. 

After inoculating calves of various ages from immune 
dams with bovine rinderpest virus, Jacotot and Colson 

(1935) concluded that the pas-ive i:olunit7 was present in 

calves at M months of ge but not ut 11 months. 
Hell (1933) considered that the passive -rinder pe st 

immunity obtained from the i Lmune dam lasted until weaning, 



after which it waned t.I'Le eventually disaDpeared. 

Within G months oí vcLnin,[: little or no rest tce to 
infection rcmained. Laabney (4) stLted that cfav o 
outgrew i,,Vhin a few months tfe imLunity conferred by 2 

or 3 Cor:es of taxtivated v,ccine, tile younox!Y tLe 

vaecim-tion ,ho morc rLpi(iy the 

i,..mmity war, isAmune E:t&tus of th-: dam was 

not civen. Po.d. (121) advi-ed thLt ef-Ivec of less 

tn 9 month s E,houic not Lo inoculated by the 

uethod. (k:21), concideIed 

th,t it was ]ì.k 1, t-Iat cLlv s bofn of rinder.oest immune 

cows posesLod a pive 1.13;zunity thich was later lost. 
He retorted that Lor::e calves ol les1; than 6 month of fze 

reacted after inoculction by the ...erum-ultneous method 

but Et o '\% iod contvkctod iii-rot. He Cid 

not .iîe Ji .ua,. ua. the dame. Recently 

Fob: on (1956) repolte6 that an a(juvant type inactivated 

rinderpest vacctne had no effuct on calves ac;ed 2 month 

or less from immune d,ms, buc immunized 6W of calves 

inocull-Aod when 2-5 month old compared vith 

c:lves of the clame ,:ire group inoculLted uith cL/,rinized 

A.neerpest virus. 

Tarantino (1928) quoted the opinion oi )he 

inhubit,tnts of EritraN2 that cave born of immune dams 

were inriiune unidl weaLinc t 5-6 months of age. 
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The pu lished work on passive ri nder %est imr_uni ty 

in calves and the problem of ima :uni;.,in calves 

sugjests that: 

1. Calvos born of ri.nderpest iui-awne Jams possess a 

passive í:.Liannïß,;T ',.^.,ich is -p]'o:Jabl;vr uC0iu3.re.:ù via the 

colostrum. This conclusion is based on .naloE7 with 

other work but is not Ë'roven ,; 1.ti2 r1 nc'e r pe st. 

2. The ''u.:.'atio].1 of this immunity varies considerably. 

E cti atfs rance from a few ^LVé to 19 months. 

3. This pa.r;. i v0 ilàimunl.ty may interfere with the 

;J:'OCUCZ:`! o n of an ECtive imTt'Unity, especially in calves 

under 3-6 months of age. 

Because of the wide divertenceÿ of opinion on the 

problem of activo and passive rinderpest i. munit; in 

calves, a re ssessmont based on the use of a 

neutralization test for rinderpest antibodies was made 

to find solutions to the fol_lowìiw problems: - 

(a) What is the immunological roc onse of 

youll( calves from rinderpest susceptible dams to 

la piniúed r inder pest: vaccine? 

(b) What is the mode of transfer of rinderpest 

antibodies from the immune cow to her calf and how long 

do such antibodies persist in the calf? 
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(c) Can calves of more than a few days old, 

consuming mills_ containing rinderpest antibodies absorb 

these antibodies from their intestinal tracts? 
(d) what i s the ii 1iunolo,r ical re F ponce of. calves 

aged froxû « -fob days to 12 months from iii mune dams, 

t e ap iive d i inde pest vaccine? 

We hoped t at answers to these questions could 

help to clarify the problem of imuunizint young calves 

horn of rinderpest im_ira.ne dams 



MATERIALS 
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C-ttle: In the rinder-:)ost immuLization of calves, 

animcls of sevc,:-ol breeds were used. Those that 

were the ;loLpny of imi:lune dams were East African 

Shorthorn-Z,:,brs and were weaned at (; months elf age. 

Calves aged :1 -wa 1 day t3 2 mon_s, the progeny 

of susceptible dams were el-V.:tor Ayrshire, Friesian 

or crossbred European-Zebu. Rinderpest susceptible 

cat-le agr(3. 2 irç5 were c:oss!,,red European-Zebus. 

The 2 Of-ms used to deteine the dalect of feeding 

milk from rineer-post-immune dca to calves, Were of 

te Friesion breed. All the other iLIEU/10 dams were 

vaccinated 6-17 months before parturition with 

lapiAised rinder:2est virus followed 2-4 weeps later 

with caprinized rinderpest via-Ls (K.A.G.) All 

were reared kept on riEd,rpest-free faims. Both 

East Af ShQAthorn-Zebu and crossbred European- 

Zebu cavo2, t:e ol'ogeny of rinderpest irAme dams, 

were used to determine the mode of transmission of 

maternal antibodies and their half-life in the calf. 

The history of these calves and the immunological 

status of the dams is given in Table 1. 



TABLE I 

36. 

History of Calves Used for De terining the Duration. 

of Passive Immunity. 

Calf Number and 
M Gin a pe IcÉo Y!. C'i 

1592 Cross-bred European 
Zebu. Weaned at 
6 months of Ì. 

1722 Cross -bred European 
Zebu. Weaned at 6 

months of age. 

420)East African. Shorthorn 
421)Zebus. All weaned at 
422)9 months of ate. J 

425 ) 
433) 

lam Number, Time and Method 
of Rinderpest Immunization. 

1131 Immunized with K.A. G. 
followed 3 weeks later 
by challenge uith 
bovine rind.rynest virus 
5 months before 
parturition. 

199 immunized with K.A. G. 
10 monts before 
parturition. 

221)Immunized with lapinised 
212 )rinderpest vaccine, 
240 followed 2-4 weeks later 
219)with K.A.G. vaccine 
213 )15 months before 

parturition. 
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RAbBITS: The rabbits wele of the Albino, Chinchilla, 

Belgian Hare and tte,_ breeds and their crosses, aGed 

months. All were eually susceptible to lapiniced 

rinderpest virus. 

RINDBicl3ST VIRUS STRAINS. 

Lapinised hinclerpost Virus: The Nakamura III strain 

of lapiniscd rinderpest virus of the 16th and 19th 

Kabete passages respe(Aively was used for the vaccination 

of calves and adulti controls born of r..nderpest 

susceptible dams. Virus of the 13th Kabete passage 

used for other cattle inoculations. On ai ' rival at 

Kabete from China in 1949, the virus strain had 

undergone 71,5 serial rabbit passages. Virus used in 

neutilization tests Was oi the 15th, 17th ad lath 

labote Aliuoto of virus were stored in 

ampoules at minus 25°C. as a freeze-dried vacuum sealed 

25 per cent. infected rabJit tissue suspension 

(Brother3ton, 1951). 

Caprinized Rinderpest Virus: The Kabete-Vom-Kabete 

strain of caprinized rinderpest virus at -te 619th 

passag.- level, was used. Aliquots of the virus were 

stored at minus 25°C. as vacuum-sealed ampoules Gf 

freeze-dried infected goat spleen. 
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Management of Cattle: In the immunization of calves, 

the progeny of rinderpost susceptible clams, with 

lapinised rinderpest virus, calves aged from 1-68 days, 

and 5 adult cattle <.ged 2 years, were each inoculated 

subeutL neouely with 30 cattle ID,-0 of laDinised 

rinderpest virï.l_ . The virus was in the form of a 

freeze- dried infected rabbit ti :sue suspension 

reconstituted with_ normal saline <.,ì.d injected in 2E1. 

doses. 

The calves, the progeny of rimer ost i na une da =is, 

used for determining the mode of transmission of 

maternal rinderpest antibodies, and their half -life 

in the calf, were separated from their dams immediately 

after birth and bled before bein allowed to suckle, 

with the exception of calf 1592 which was born unobserved. 

At the same -Dine, blood_ and colostrum samples were 

obtained from the dams. The calves were allowed to 

uckle, then were bled 30-4.3 hours later and at 30 day 

intervals after birt h for periods up to one year. 

Samples of some of the dams' milk were obtained durinr 

the period_ nr, to 2 weeks after parturition. In the 

experiment to determine whether calvos of more than 2 

days old could absorb rinderpest antibodies i om their 

intestinal tracts colostrum samples were obtainer' 2 -3 

hours after calving from 2 ririd.erpost- susceptible cows. 
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One day after cLlving the 2 cows ux_d their calves 

were bled L,nd the cows inoculated subcutaneously 

vith 80 cr,.ttïe 1 D50 of lapinised rinderpest virus. 

The cows and t ?7.(d:1' cLlve á wer, . bled `7 , l`r s 21 and l'p4`-. 

dc.-ur.A.'., lc.t.'. ?I.1k ,amples wee otstí.:Z,G-'LL l', , the 

2 cows at intervals dur:J.n,- the Period up to 21 dù.ys 

and again 42 days 7-ollowin£, lapinised rindcrpest 

virus i.xloÉ t'_1,2,ti on. Each calf was riven daily 

1 gallon of its dry.L?' o milk ior 6 weeks after birth. 

In the attempts to ii;:.rnuxrieE calves, the progeny 

of rin.derpest-i, :mune dams, t:=ith caprini sed rinderpest 

virus, 63 animals were allocated on the basis of age 

to 13 groups of ages tt l-6 days, 1, 2, 31 4, 51 7 f Op 

9, 10, 11 and 12 months. 11:e calves were bled and each 

inoculated subcutaz c ousl,y 2m1. of freeze-dried 

:.A.G. infected goat spleen that had been reconstituted 

with normal saline to give 100 cattle ID508 of 

caprinised rinderpest virus per ml. The morning 

rectal temperatures of the calves were recorded for 

2 -3 weeks after K.A.G. virus inoculation. All calves 

in which a temperature rise of 2°F. above the normal 

occurred for 3 days during the period 3-8 days following 

the inoculation of K.A.G. virus were considered to have 

,hoÿ;n a thermal reaction. The calves which also 

showed signs of diarrhoea were noted. The calves 

were bled 21 days and 1 year (365 days) after 
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inoculatioa. All the claws who-c c-lves possessed 

no rinderpest -ntibodes in their sera before K.k.G. 

inoculation were bled approxi"Ltely 25-24 months 

alter iLLI.:Lnization -creenod ior neutralising 

antiLoies. Si.), el oLlve froL i Lune dems 

which were incculi,ted with K.L.G. virus .then czed 

days to 7 Lonth- but were not acti-vely innurdzed 

as a reslat j absence of serum 

Wdi 
antibodies i year later vereAre-inociated with 80 

cattle I1)50 of laIdnized iinÜiet virl's 12-15 

months ,itcr the K.1...C.". inoculation,a,a6kA 4 0.4 

Sera ,nd wheys were titrated for Linder-130st 

noutrL1i-i13.2: LntiboCies. 

Sera: 0-ttle were blec fro: ate jugular vein 

into sLcrile 1 ounce bottles, or 2 'Junco tubes. 

The blood sacipl3s'w2re alll,ad to clot and E-.fter 

standin,..; ov rni:ht on the bench at a temperature of 

approxitely 16-22°O., the sera were removed, 

centrifuged and stored in screw-capped bottles at 

,ainus 25°C for periods up to 15 months. 

Colc_trum and Milk Wheys: Approximately 200 ml. 

°I colotrum or Ldlk was warmed to 57°0 Guid about 
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0.16. of rennet powder* added. Colostrum and milk 

samples were allowed to stand on the bench overniLht 

to clot, and the whey removed,cenbifuged and stored 

in screw-capped bottles at mtnus 25°0 ?or periods 

up to 15 mon,hs. 

Test for Rindelnest Keutralizi c& Antibodies. 

Sera and YncLs were inactivated by incubation 

in a 56°C waterbath or 30 minutes before dilution. 

Normally 5-f old oi the serum or whey under 
4y, 

test were prepared u6ing "Lenco" broth of pH 7.2-7.4 

as a diluent. In each test 3 or 4 dilutions were 

used. The contents of ampoules of freeze-dried 

lapinised rinderpeet virus were reconstituted to 

original volume with sterile distilled wate:-, and 

this diluted to 1:10 with "Lemeo" broth and centrifuged 

for 3 minutes at 1'500 r.p.m. to remove large particles 

of tissue. The supernatent was removed L-nd Lurther 

diluted with broth, so that eaeh ml. would contain 

approximately 200 rabbit ID5os per ml. if incubated 

for one hour in z.37°0 water bath. Equal volumes of the 

virus and serum dilutions were mixed and incubated 

210,11AMMINI 

"Ha-La" Brand. Manufactured by Chr. Hansens Laboratory 

Ltd., Reading, England. 

** Prepared from "Lab-lenco" manufactured by Oxo Ltd., 

London, England. 
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in a 370e. waterba.th for one hour. The serum-vie-us 

miytures were inoculated intravenously into re bits 

in i mi. doses, 5 animals being used por dilution. 

Between the tine of incubation nd inoculation the 

bottles of serum -virus mixtures s ware kept on ice, in 

the shade. The controls included in each test were a 

virer titration, e known non -- immune serum -virus 

mixture and the titr i ;ion of a etc_in.de rd immune serum. 

The virus titration was to check the viability and to 

give the number of ra 1^hit ID,., 
C 

in each ml. of the 

serum-virus mixtures, and the nenativc serum was a. 

check of the viability of virus in the face of normal 

serum. The standard serum titration was included so 

that titrations of different sera carried out in senerate 

teste could be str nde rdised. TI..e standard serum was stored 

Lt 4 °C as vacuum -sealed ampoules of freeze -dried material 

and reconstituted with sterile distilled water to its 

original volume when required. T}1e titration was 

carried out using 3 -fold dilutions end the titre against 

101'9 to 102.1 rabbit infective doses of lanini ed 

ri_nd.errest virus wcs 102.0. Five days after inoculation 

the rabbits were killed and examinee for the presence 

or absence of les on: of lapinised rindervest virus 

infection (Fukusho end Nakamura, 1N40 ). Rabbits which 

("er before the fifth day after inoculation were likewise 
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eyeLined. If lesions were Desert tie animal was 

included in the eetimpiJion of the titre. The few 

anima.ls which die without lesiono were excluded. The 

dilution of serum or whey at which 730 per cent. of the 

inoculated rabbit>: weie infected was caluulated ueing 

Thompsonls method (1947) and the resultc ey-oressed as 

th- reciprocal logarithm to the btse 10. TI-,e results 

were standardised by reference to the stndard serum; 

for example, if the .titre of this serum in a test was 

10 
1.8 then 0.2 was added to all results of un'cnown 

sera titretions in the saue test, wnereas if the 

standard serum titre was 102°29 0.2 was subtracted 

from ail titres. Where sera were e-Ypected to have 

either little or no detectable nettreli7inr; antibody, 

they WCYC tested at a cilution of 1:2; if 11 rabbits 

were found to be infected the titre was expressed e 

"nil", if 3 or 4 rabbits were infected the serum w?s 

considered to have a titre of' <0.3 and if only 1 or 2 

rabbits were infected the serum was titrated in the 

normal way. The sera of the immune dams of the 

vaccinated valves were screened by inoculating 3 

rabbits with a serum.virus mixtlire in which the 

serum dilution was 1:20. If none of the rabbits 

was infected the animal was considered to be immune. 
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RESULTS 
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ACTIVE FOE Nl71áHPL+'ST Ii/ltßUll:IVr` oL ILt,y, 

The immune response o± calves, the progen ,T of r:i A:ter- 

pest susceptible dams, and of adult c :iti , tc tie 

inoculation of lapinized rinderpest virus it-, r'ecol- .ef_ 

table 2. 

zone of the dams o the calves pr.,s .essec: detector le 

rindelrpe st neutralizing anti bodies. 

Differences between the titres or rinderDest neu,.r - 

lizing antibodies, 21 days after i nccu.la f 3L, troducec br 

calves aged from i day to two months at the time of 

inocl lation, and those of adult cattle were not siani:.:i.caiv 

(t = 0.7662, P 0.05). 

A brief note on preliminary fin :in,R s ar t Vii: prodi }c tiior 

of r nderpest neutralizing antibodies by very 7- 01ITIP c lv(% 

has been published (Brown, 1956). 



TAL1112, 

The Production oi Rinderr'est Neutralizinn. 

Antibodies -ozLlyeProgeny of 3a=.,cepi;ible 

Dame, enq_12, Adult Catnaa_121lowinr, Lardnized 

Rindcr-oost Virus Inoculation. 

Cat 1e ¡ Age at 

No. Inoculation 

¡ 

N2 1 day 

T7, 1 day 

N4 4 days 

Fr , 5 days 

17 5 days 

N6 6 days 

N11 i 29 days 

K10 31 days 

1(12 63 days 

..6.701.7011.111111. 

Titre of Rinderpest 
Neutralizing antibodies 
expressed as the reciprocal 
of the logarithE of the 
50% end-point dilution 

t- 
Pre- 

Inocultion 

2974 2 years 

2975 2 years 

2979 

2931 

2982 

2 years 

2 years 

2 years 

21 days post- 
Inoculation 

ai 
Nil 

1.8 
7 n ) 4. 

Ni]. 2.9 

Nil 2.7 

2.3 

Nil 2.7 

Nil 2.5 

Nil 3.1 

Nil 2.8 

Nil 2.4 

Nil 204 

Nil 2.4 

Nil 2.9 

Nil 3.1 

48. 



.l:iii MODE OF TRANSFER OF MATERNALLY-DERIVED 

L1.h iILODI "[`Ì AND THEIR HALF-LIFE IN CALVES 

The rinderDest neatrali zi ng antibody titres of the 

sera of calves, the progeney of immune dans, before and 

at various periods after suckling, together with the dams' 

sera at the tiiïe of calving,, and their colostral wheys are 

';iiien in table 3. 

irone of the calves' sera ta'cen before suckling con- 

tained detectable rinderiest neutralizing antibodies. 

Antibody titres of the dans' sera at calving, the calves' 

sera after suckling, the colostral wheys, and milk taken 

at various periods after calving are given in table 4. 

The mean titres of the dams' sera at calving, the calves' 

sera after suckling, the colostral wheys, and milk taken at 

30 -43 hours, I week and 2 weeks after birth were 2.4, 2. 3, 

1 [ 3.39 1.4 1.4 and 0.0 respectively. 

Significant differences were found between the tit°es 

of the colostral wheys and the sera of calveo after suckling 

(t = 3.424, P <0.01), the colostral wheys and dams' sera 

(t = 6.770, P -S.0.01) and the calves' and the dams' sera. 

(t = 2.530, P <0.05). 

The ratios of the titres of the colostral whey to the 

dan' w serum at calving, the calf's titre after suckling to 

the colostral Weey and the calf's serum to the dam's serum 

recorded in table 5 had means of 7.2, 0.45 and 3.8 respectively. 
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No significant relationships were found between the titres 

of the colostral wheys and the da s ° sera Lt calving 

(F = 0.03, P > 0.05) the colostral wheys and the calves' 

sera after suckling (F = 0.09, P '>0.05) or the dams' sera 

at calving and calves' sera after suckling (F = 1.49, P 0.05). 

The titres rindorpest antibodies nreoent in the 

sera of calves, after ingestion of colostrum from immun 

dams, were linear on time and the regressions were signi- 

ficant (table 6) . 

The regression linos of the fall of titre with time 

calculated from the titres recorded in table 10 of the 

sera of the 65 calves from immune dams, bled when aged 1 

day to 12 months, and of calves numbers 1592, 1722, 420, 

4219 422, 425 and 433 are given in table 6 and figures 1 -8. 

When the refTesái on lines of the titres of calves 

1592, 1722, 420, 421, 422, 425 and 433 were each compared 

ui h the lino constructed from the titres of the sera of 

65 calves, it was found that the differences were not 

significant (table 7) . 

The half-life -s of maternally- derived rinderpest 

neutralizing antibodies and the extinction points, cal- 

culated from the regression lines are given in table 8. 

The mean half-life was 36.7 
± 

4.8 days and the mean ex- 

tinction point 10.9 ±. 1.1 _ <on,hs (1 month = 30 days) . 

The extinction point was the calculated age after birth 

when the serum titre of maternally -derived rinderpest 

neutralizing antibody would have fallen to a titre of 0.0. 



Titres of hinderpost Neutralizing Antibodies, 

Expressed as the Reciprocals of the Logarithms of the 

50 per cent. end -point dilutions, of the Sera of 

Calves, the Pros' r -- of .aune Dans, at Various Periods 

after Birth, to`;ethe:3° with those of their Dans' Sera 

and Colostral Wheys 

x 
DAM No. 1 1131 1 199 

: 

221 
I 

212 ç 240 i 219 
1 
203 

3 

} CALF o. ; 1592 l`22 420 ` t.2 s ! « 
ÿ 

L. % 3 

Ti .. ç 

5.. V..:á.. o 6 ` 

Dal,' F^ serum at 2.1 2.0 
C: it'3.na - ` 

' 

g 2.6 

i 

Ì 

! 2.6 

g 

& 

2.2 

`` 

1 

2. 4 

ï 

2.6 ! 

9 

....___ 

54at 
s Co1uss ra3 p.va,il 1 3.3 1?eJ 

T,b.il.e r 

3.4 ÿ 

r 

3.2 ; 
t 

3.3 3.6 ! 3.0 
: 

of 1 i_ot x 

; Serum J.. calf: ,.,,,_1-1..., ' IT ¡Before suekiing 
table f 

: 

` NIL 
F 

i 

i 

NIL NIL 
" 

f NIL NIL 
s 

I 

130-48 
; 

30-4 hours 
2.8 S 3.0 t7 after suckling ; b 

2. 9 
i 

2. 3. 
' 

2.7 7 
¢ 

3 . 0 

t1 

i 

3.1 
1 

1 month of age 2.7 2.4 2.3 
*,ç. n 2 month r, 1 .4 ` 

4 
2 2.5 

3 months 1.9 5 2.0 1.5 2.1 
-, 

15 

6 

7 

8 

¡(.2 

o2:? ï s 

months 1.9 

months 1.8 

..2.. . 0 months 

months 0.7 

7 

!:tiJi! ih. 
5 

g e 

10 nor_thc, 

1l Flonths 

12 months 

; 

1.2 0.8 

1 0.6 .'0.3 

. 

1.3 
1°:. 

1. 3 

0.6 

<0.3 0.7 
C 

q0.3 t 

k).3 0.3 

NIL .0.3 

r 1 

0.3 NIL 

0.3 NIL 1<p.3 

NIL h 

51. 



RinderagELLeutrall.ziladaltibod7 Titres, 

exnressed ac the I=11129a1s oi/tho 5Qjr cent. LY'7 

Lq1112212.24End-730int of the Sera Colostral and 

Milk Whe-s taken at Various Periods after Calvdma, 

of Rinder.wst I=une Cows and their Calves. 

i.....=71.-a-..neena-Lorwyceansor...,araz. 

1 

1 

41111.177X01.1.100...51,-... 

CALF NO. 
420 421 422 425 A7'? 

.7.11,774700.ar 

Serum of 
Dam at 2.6 2.6 2.2 2.4 2c 2.0 i 

Calving 

I. 

Calf's 
Serum 
30-48 hrs. 
after 
birth 

2.9 2.3 2.7 5.0 3.1 3.0 

5 

Colostral 
Whey 3.4 3.2 3.3 3.6 3.0 3.3 

Milk Whey 
after 
calving: 
30-1, 17.rs. 2.1 1.2 - 

1 week 1.3 1.6 

2 wockf-,' 1.0 - 

52. 
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TADD'r 

Colostral Whey Titre Dam's Seru1a 2i_tre at Q 1Zrin f, 

Calf' . Serum Titre after suoklin - Colostral Whe 

Titre and Calf's Serum Titre Dan's Serum Titre Ratios 

Calf Number 

!Ratio: 420 421 422 425 4.33 1722; 
A 

r Colostral Whey/ 
!Dam's SeIum 
i 

0.3 1.0 12.0 15.8 2.5 20.0 

1 Calf's Serum/ 
Colostral ostaal Whey 

t 

0.32 0.13 0.25 0.25 1.26 0.5 

!Calf's Serum/ 
s Dam' s Serum ;).0 0 . 5 3.2 4.0 3 . 2 10.01 

' 
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2.4,6LE _G 

FALL OF TITRE WIT TIM OF NATURALLY- 

ACOUIRED PASSIVE PIN:DEEPEST IMMUNITY 

1 

1 Calf No. Regression Line Formula F i 

, 

i 

b5 calves Y = 2.7 - 0.25.X 

1592 Y = 2.9 - 0.26.X 

1722 Y = 2.S - 0.26.X 

420 Y = 2.5 - 0.23.X 

338.24 
** 

139.25 
** 

384.00 

29.69 

* 
421 Y = 2.5 - 0.2I.X 158.33 . 

*,,.- i 

422 Y = 2.5 - 0.25.X 79.00 1 

! 

425 Y = 2.8 - 0.23.X 62.80 t 

** 
i 

6 

** i 

433 i = 2.8 - 0.30.X 121.00 
i 
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TABLE _1 

gmaitsal-142ance of Differences between the Mores 

of the lieression Lines of Antibody Titre on Time 

between Individual Calves and the line constructed 

from14ves from Immune Dans each bled once 

when Ezed.en 3 daunLilyear, 

1 

1 

, 

Calf No. 

1111111MMESMOI111! 

Slope 
Correlation 
Coefficient 

65 Calves 

1592 

-0.25 

-0.23 

0.922 

0.966 1.155 

1722 -0.26 0.,24 0.32E3 

420 -0.23 0.944 0.28E3 

421 -0.21 0.980 1.174 

422 -0.24 0.974 0.733 

425 -0.23 0.977 1.054 

433 -0.30 0.908 1.611 

,0.3 0.2 

101.9 

<0.8>0.7 

<0.30.2 1 

',0.5\0.4 

<0.3%0.2 1 

<.0.2'0.1! 
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TABLE 8 

HALF-LIIr S AND EXTINCTION PERIODS OF MATERNALLY- 

tiE: IvED RINDERPEST NEUTRALIZING ANTIBODIES IN 

CALVES 

Calf No. 
Half-Life 
of Antibody 
i2? C'r ay S 

Extinction Point* 
in months** 

65 calves 

1592 

1722 

4`'0 

421 

422 

425 

r.27 a 

36 

34- . 3 

34.5 

39 

42.9 

37.5 

39 

30 

10.6 

11.2 

10.8 

10.8 

11.7 

10.4 

12.2 

9 . 

I'ìe an. 36.7 i 
14.9 

3°Extinctìon Period was calculated far the titre 
_ to a11 to 0.0. 

1 Honth = 30 dayU. 
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AGE OF CALF IN MONTHS 

FIG. I: THE DURATION OF NATURALLY -ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST CALCULATED FROM THE TITRES 

C7 55 CALVES 

C U 

3.0 

2.0 

I-0- 

i 

Y 29-026.X 

OJ 2 3 4 5 6 7 8 9 IO 12 

AGE OF CALF IN MONTHS 

F'. 2 THE DECLINE OF NATURALLY -ACQUIRED PASSIVE IMMUNIT 

`yINDEPPEST IN CALF 1592 
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FIG.3: THE DECLINE OF NATURALLY - ACQUIRED PASS! /E 

IMMUNITY TO RINDERPEST IN CALF 1722 
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Y= 2.5-023.X 
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FIG. 4 : THE DECLINE OF NATURALLY- ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST IN CALF 420 
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AGE OF CALF IN MONTHS 

FIG. 5: THE DECLINE OF NATURALLY - ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST IN CALF 421 
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FIG. 6: THE DECLINE OF NATURALLY- ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST 1 N CALF 42 2 
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FIG.7: THE DECLINE OF NATURALLY -ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST IN CALF 425 
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FIG.8: THE DECLINE OF NATURALLY - ACQUIRED PASSIVE 

IMMUNITY TO RINDERPEST !N CALF 433 
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Tha T3 f fect of Feeding Milk Coï,.ta,:-ninr: Rinder-oetist 

Neutralizirz Antibodies to Calves which had -;a.ssed 

the Neonatal Perioda 

The. serum titres of dams and calves, and of colostral 

and milk wheys taken before and at various periods after 2 

dams were inoculated with lapinized rinderpest virus are 

given in table 9A r. nd 9B. 

The colostral c..t?ejs of the two rinderpest susceptible 

darns lacked rinderpest neutralizing antibodies. 

Rinderseet antibodies were :gresent in milk wheys from 

the dans at 7 days but not at 4 days after the inoculation 

of lapinized rinderpest virus. Therefore although the 2 

calves each ingested 1 gallon of its dam's milk, which con- 

tained rinderpest antibodies, daily for a period of 5 weeks 

when aged between 0 and 43 days, at no time did the calves 

possess detectable rinderpest antibodies in their sera. 

This indicated that absorption of antibody from the rut did 

not occur. 



Rinderpest Neutralizing Antibody Titres of the 

Sera, Colostral and Milk Wheys from Cow No.K20, 

and Sera from her Calf, before and after the Dam 

was inoculated with Lapinized Rinder est Virus. 

The Calf ingested I gallon of its Dam's :ilk 

daily during the first 43 days after birth 

Time 

Rinderpest Neutralizing Antibody Titre*af,l; 

Dam's 
Darn's Serum Colostral or Calf's Serum 

I Milk Whey 

3 hours after 
calving 

NIL 
(Colostrum) 

11 day after 
calving. 

Rinderpest Virus ' 

NIL 

1 

r 

g 

(Milk) 
NIL NIL Lam inoculated 

o 

with Lapinized 

i i 

; 

; 
1 

a 
- ;4 chp; after in- ; , 

I ocultiont NIL (Milk) _ 

$ 

, 7 H it H s 
i 0.9 n NIL 

1 

i 

; 

?-4 
ft It 

t 

/ 0.9 n NIL fl f 

1 2.2 1 - NIL 
1 

t 

! 

tt 1 tt A 

1 

- 1 0.8 tf NIL 42 ft 

a 
, ! 

1 
1 

. J i 

5 

62. 

*Expressed as the reciprocal of the logarithm of the 50 per cent. 
neutralizing dilution. 



TABLE 9B 

Rinderpest Neutralizing Antibody Titres of the 

Sera, Colostral and Milk Wheys from Cow Mo.K21, 

and Sera from her Calf, before and after the 

Dam was inoculated wit 1 Lapinized Rinder po st 

Virus. The Calf_ ingested 1 gallon of its Dam's 

Milk daily during the f i_ :tit 43 days after Birth 

Time 

3 hours after 

i day alter 
calving, 

lam inoculated 
with Lapinized 
Rinderpest Virus 

days after :tyv E E,cr inw 
oct=.lation 

21 

42 
e 

tt 

t? 

t1 

11 

It it 

ti it 

ti t? 

It it 

Rinderpeso Neutralizing Antibody Titre-Of: 

Dam's 
Dam's n , e 

sil ; 

Serum g Colostral or ¡Calf's Serum 
Milk Whey 

t 

1 

NIL 

2.6 

C 

NIL 
(Colostrum) 

NIL (Milk 

NIL (Milk) 

0.5 (Milk) NIL 

0.9 NIL 

- NIL 

0.9 NIL 

NIL 

63. 

*Expressed as the reciprocal of the logarithm of the 50 per cent. 
neutralizing dilution. 
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ACTIVE iiIs3'TERPESI' IMMUNIZATION OF CALIL;5, THE 

PROGENY OF IMMUNE DAMS 

Preinoculation, 21 day and 1 year post- inoculation 

serum titres of rinderpest neutralizing antibodies and 

clinical reacions of calves, the progeny of immune dams, 

inoculated with capri nixed. rinderpest vaccine (K.A.G.) 

are recorded in table 10. 

All the dams of those calves which possessed no 

detectable rinderpest neutralizing antibodies at the time 

of inoculation were fo:.md to be immune. 

Those calves which possessed no detectable rinderpest 

antibodies 1 year after inoculation were considered not to 

have been actively immunized following° the caprir.ized 

rinderpest virus inoculation. Thus the 1 year post - 

inoculation serum titres oi the calves indicated that no 

calf aged 3 months or less at the time of inoe ìuiat ion pro- 

duced antibodies. On the other hand, all calves inoculated 

when aged G months or more were actively immunized. some 

of the elves aged from 4-7 months were, and others were 

not, immunized. Some of the calves which possessed 

maternally- derived antibodies at the time of K.A.G. inocu- 

lation, sure actively immunized. 

All calves which had a preinoculation titre of 0.7 

or less produced antibodies whereas no calf did so which 
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had a preinoculation titre of 2.2 or greater. he res- 

ponse of those calves possessing preinoculation titre 

between these two levels veri ed. 

The amount of antibody produced during the 21 days 

following inoculation was calculated by subtracting the 

preinoculation titre from the post -inoculation titre and, 

with those calves in which antibodies were present before 

inoculation, adding 0.2 to the result. The 0.2 was added 

because this was approximately the amount by which the pre - 

inoculation titre would have fallen during 21 days, the 

half -life being about 37 days. 

in those instances where calves were actively i m- 

munized following inoculation with caprinized rinderpest 

virus, the following were found: 

(a) There was a significant relationship between the pre- 

inoculation titre and the amount of antibody produced 

during the 21 days after inoculation (r _ -0.7136, P<0.001). 

Where the preinoculation titre was low or absent, the amount 

of antibody produced was large; conversely where the pre- 

inoculation titre was high the amount of antibody produced 

was low. 

(b) There was a significant relationship between the -ore- 

inoculation titre and the 1 year post- inoculation titre 

(r = -0.5554, P < 0.001). In those calves which had little 

or no maternally- derived antibody at the time of inoculation, 
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the i year post -inoculation -itres were higher than in 

-nose calves in which the preinoculation titres were 

high. 

(c) There was a significant regression of the amount - of 

antibody produced during the 21 days following inoculation 

on the age of calf at the time of inoculation (y = -1.1+0.38.X, 

t = 0.216, P < 0.001). 

(d) There was a significant regression of the 1 year post - 

inoculation titre on the age of the calf at the time of 

inoculation (Y = 0.9 + 0.17.X, t = 3.356, P 0.02 -0.01). 

The mean î reinoculation and i year post -inoculation 

titres of rinderpest antibody and the titre of antibody 

produced during the 21 days after inoculation, of those 

calves, of various age groups, which were actively immu- 

nized following caprinized rinderpest virus inoculation, 

are recorded in table 11. 

Findings on. maternally-derived passive immunity and 

active impunity to rinderpest in calves from immune dams, 

are summarized diagrammatically in figure 9. 

Re immune response of calves, from immune dais, 

to the inoculation of lapinized rinderpest virus 12 -15 

months after the ineffective inoculation of caprinized 

rinderpest virus is recorded in table 12. 
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The mean preinoculation anc? i year post-inoculation serum 

titres of rzose'erpcst neutralizing antibody and the LZtre 

of antibody produced during the 21 days after inoculation, 

of those calves, of various age groups, which were actively 

immunized following caprin i.7ed rinderpest virus inoculation. 

É 
Age 
Group 

t-----_-----" 

71. 

Do. of 
obsemútions 

12 5 

11 5 

10 5 

9 5 

8 5 

7 4 

6 

5 

a 
4;. d, 

M o a n % i tr C* 

Pre- 
inoculation 

NIL 

0.2 

0.1 

0.2 

0.5 . 

0.8 

0.6 

1.1 

1.8 

Antibody 
produced 
during 21 
days after 
inoculation 

1 year 
post - 

inoculation 

3 i 

3.0 

2.9 

2.5 

4.5 

2.7 

2.4 

2.4 

2.2 

2.0 

2.1 

0 1.9 
! 

i 
S 

Expressed as the reciprocal logarithm ba e10 

of the 50 per cent. neutralizing dilution. 
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TABLE ' 

The Immune Response of Calves, from ImI1uiïE; Dams, 

to Lapi r7.iz ed Riszderpes'r, Virus 12-15 Months after 

the Ineffective Inoculation of Rinder- 

pest Virus 

; Age at Age at 1 Serum Titre i_ Ri.derTes t 
r;r 

; 
Time of Time of eutrali.n; Antibodies 5 

; 

G,.l d' 
; Ca:¡,rillizedI Lapinized , s ` 3 
RincerpestzRirf-erpcst; 4 days g 21 days : 

IIo. Virus In- Virus In- = 

Pre- Pßst- : Post- i 

f ilî;E;Zlla 
cion ; oultion > oculation Inoculation g Izoculatior# 

` ! á 

ï 

M 
s 

h8 a 2n rzc V:1S 1 

437 ° 5 

; 

4 
sl 4 

h 

3 
it ; 

É ti 17 tt 

tt ( 

6 

1 447 1 

i 

3 tt 

r ` 
4t 

1 

i 

It 
! 

t 

1 

1 57 6 
1 month 11 r 

1-- 
. 

i 462 ; 3 days 
i 

5 ti 

} i 

r 

NIL 

NIL 

NIL 

NIL 

NIL 

NIL 

NIL . 

NIL 

NI L 

NIL 

NIL 

NIL 

2.9 

2.8 

2.5 

. 

/6 

G.11 

2.6 

*Expressed as the reciprocal of the logarithm of 
the 50 per cent. neutralizing dilution. 
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INOCULATION 
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ACTIVE IMMUNITY= antibody produced during 21 days 

following virus inoculation 
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The conclusions drawn from the experiments oÌ 

rinderpest immunity in calves, detailed in this thesis, 

are based on the hypothesis that there is a relation- 

ship between rinderpest neutralizing antibodies in the 

serum and the state of immunity of the animal. Cattle 

which were susceptible to challenge with bovine rinderpest 

virus were found not to possess rinderpest neutralizing 

Wibodies whereas those animals not susceptible to 

challenge possessed them. These antibodies appeared in 

the sera of cattle following immunization against rinder- 

pest (Scott & Brown, 1557). 

Hitherto the serological response of very roung 

calves to viable viral antigens has not been ascertained. 

tie found that day-old calves responded to lapinised 

rinderpest virus just as well as adults. This result is 

comparable to that obtained with skin homographs, which 

induced vigorous reactions following crafting onto day-old 

calves (Billingham and Lamphin, 1957). Trichomonas foetus, 

Brucella abortus and Salmonella dublin antigens behaved 

differently. (Kerr and Robertson, 1954; Kerr, 1956). 

Ue might suggest that apparent failures of very young calves 

to produce antibodies following the inoculation of bacterial 

or protozoal antigens could be attributed to weaknesses in 

the techniques used to measure the responses. However, with 

Tr. foetus antigen at least, this objection is not valid, for 

not only were calves of under the age of 1 month unable to 

produce agglutinins but 3 calves of 23 or less days of age 
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acquired a tolerance to the antigen as shown by an 

impairment of the ability of the calves to respond to 

further antigenic stimulus (Kerr and Robertson, 1954). 

Development of tolerance necessarily implies an inability 

to produce antibodies. 

We can only conclude therefore that a period of 

immunological immaturity occurs in calves after birth, 

but this immaturity only relates to some, but not all 

antigens. The concept that very ; oung calves may produce 

antibodies against one antigen but not against another is 

not revolutionary. Some skin homographs exchanged between 

very young chicks survived for long periods, but-all chicks 

aged 2 weeks or more at the time of transplantation 

rapidly rejected the homographs (Cannon and Longmire, 1952). 

However, Wolfe and Milks (1948) found that the r. oportion 

of chicks which produce precipitins to bovine serum did not 

reach 100 per cent until 5 week old birds were used. 

We are unable to say with absolute certainty that 

there is not a period of immunological immaturity in very 

young calves, so far as viable lapinised rinderpest virus 

antigen is concerned, because the calves were bled and the 

sera titrated 3 weeks after inoculation. If such a period 

of immaturity exists it must be 7 days or less because a 

period of 2 weeks is necessary for the rinderpest neutra- 

lizing antibody titre of serum to reach its maximum in 

adult cattle following lapinized rinderpest virus inoculation 
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(iiaeOwan, 1,56; Scott, 1.J56). 

Whether calves in utero eau liorm antibodies is not 

known. 

The finding that young calves of all ages between 

i and 63 days from rinderpest-susceptible dams produced 

neutralizing antibodies following the inoculation of 

lapinised rinderpest virus confirms Gillain's (1945) view 

that difficulties associated with immunizing some young 

calves against rinderpest are not due to an age factor. 

Bacterial, protozoal, antitoxin and rickettsial 

antibodies have been found to be transmitted from immune 

cows to their calves via the colostrum. The route of 

transfer of foot and mouth disease antibodies was the 

same (Schneider, 1955). Similarly we found that maternally- 

derived rinderpest antibodies were transmitted to the calf 

by the colostrum as calves born of immune dams lacked 

antibodies at birth but possessed them to a high titre 

30-48 hours after suckling. This finding supports 

previous rinderpest workers who assumed that maternally- 

derived rinderpest antibodies were transmitted through the 

colostrum and refutes. the suggestion of Rabagliati (1924) 

and Gillain (1944) that calves possess rinderpest antibodies 

at birth. 

The statement of Hale, Walker, Maurer, Baker and 

Jenkins (1946) that "no immunity is conferred to calves born 

of (rinderpest) vaccinated animals" is clearly incorrect. 
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In experiments all calves .,orn of immunized dams were 

passively it mug 7 zed following ingestion of colostrum. 

Contrary to the view of Rabagliati (1924) we found that 

the serim titre of a calf (N0.1592) after suckling, born 

of a dam immunized during pregnancy, did not differ from 

those of calves born of dams immunized before pregnancy. 

Our findings that the colostral whey antibody titres 

were higher than the dams' serum titres, and that the serum 

titres of the calves shortly after suckling were less than 

those of the colostral whey but greater than those of the 

dams' sera, are similar to results previously obtained with 

other antigen-antibody systems. The number of our obser- 

vations was too small to allow finding significant relation- 

ships. 

Secretion of antibodies by the bovine mammary gland 

did not end when all the colostrum had been ingested by the 

calf for two weeks after calving, rinderpest neutralizing 

antibodies were present in the milk of immune dams, but in 

a titre of about one hundredth of that of the colostrum at 

the time of calving. 

After the calves ingested immune colostrum the titres 

of maternally- derived rinderpest antibodies in the serum 

declined linearly with time. This is similar to results 

obtained previously with diphtheria antitoxin in babies 

(Barr et al. 1949) and lambs (Barr et al. 1953): and with 

lamb dysentery antitoxin in lambs (Mason et al. 1930). 
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The mean extinction point /of maternally-derived rinderpest 

neutralizing antibodies in calves was 10.9 months. This 

period is similar to that reported for diphtheria antitoxin 

in babies (Neill et al. 1932; Barr et al. 1949) but exceeds 

that of up to 6 months found, for example, with maternally - 

deri ved Br. a bortus agglutinating antibodies in calves 

(McAlpine and ÿ e t t ger, 1925; Thorp i Graham, 1933; 

McDiarmi d , 1946) , Salmonella abortus -equi agglutinating 

antibodies in foals and Colgneba.cterium di .,hthe cis .e agglu- 

tinating antibodies in human infants. As with differences 

between the production of rinderpest neutralizing antibodies 

and protozoal agglutinating antibodies by very yÓung calves, 

one might suggest that a possible explanation of differences 

could be a lack of sensitivity in the techniques used to 

determine the presence of bacterial antibodies. Such a 

suggestion is not unreasonable. A possibly allied phenome- 

non is the disappearance of complement -fixing antibodies for 

rindernest from the sera of cattle within 6 months of 

infection (Cooper, 1946) while the animals concerned remained 

immune, whereas rinderpest neutralizing antibodies have been 

found to persist in cattle for as long as 13 years after 

immunization with caprinised rinderpest vaccine (Brown and 

Rashid, 1957) . However, this suggestion that differences 

in the period of persistence of maternally-derived antibodies 

may be explained by variations of sensitivity in the tests 



used is difficult to support, because maternally-derived 

distemper neutralizing antibodies persisted for not 

loner than 3 months after birth in pups (ai11e ;ie , 1956) 

and 6 months in human infants (Kar zon, 1955) . These anti- 

bodies were detected and measured by means of neutralization 

tests which one might reasonably expect to be as sensitive 

as those used to detcrminc the presence of diphtheria anti - 

r Vi and / r et r 9 i s 
`G Eì,._1:._ .:,kE_ T.'Z__G- .?ieeJ GI"t ;oC_3.e.a. 

`: hether there are any other factors, apart from the 

amount of antibody which the young animal receives from 

its mother, which produce variations in the period of 

persistence of maternally-derived antibodies is unknown. 

The mean half -life of maternally- derived rinderpest 

antibody was 36.7 days. This figure is similar to results 

obtained by other workers for diphtheria antitoxin in lambs 

(Barr pt al. 1953) and human infants (Barr et al. 1949) . 

The half -life of rinderpest antibody in calves was calculated 

without reference to the dilution of antibody by the growth 

of the calves. Attempts to apply the formula of Wiener 

(1949) . for calculating the half-life of maternally- derived 

antibody while allowing for dilution by growth of the animal 

cave unsatisfactory results as the variation was markedly 

increased. We were unable to find any references on the 

chances of serum volume of cLlves with growth, and without 

this information the true half -life of maternally- derived 



rinderpest antibody in calves cannot be calculated. 

The half-life of passively and artificially-acquired 

rinderpest antibodies in cattle is unknown. In a single 

experiment a steer weighing 560 lb. was inoculated sub - 

cutaneously with 100 gal. of immune rinderpest serum having 

a titre of 3.2. Twenty -four hours after inoculation the 

serum titre of the steer was 0.7, but 14 days later no 

rinderpest neutralizing antibodies were detectable. if 

the half -life of inoculated rinderpest neutralizing serum 

antibody is the same as that of colostral antibody, anti- 

bodies should have been present for a period of up to about 

2 months after inoculation. The reason for the-discrepancy 

is unknown, and requires investigation. 

We found no evidence to support the claim of Campbell, 

Sarwar and Petersen (1957) that effective absorption of 

antibody from the gasi ro -i ntestina.l tract occurs after the 

neonatal period. RiaiderpesG antibodies were not detected 

at any time in the sera of two calves which, i0Y a period of 

5 weeks, consumed milk containing these antibodies. We 

realize that the number of calves used in the experiment was 

small. However, our findings received added support from 

the results of the experiments on the duration of maternally- 

derived rinderpest antibodies in calves. The serum titres 

declined linearly on time, which suggested that reinforcement 

of the passive immunity was not occurring although the calves 
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were ingesting milk for periods of 6 -9 months after birth. 

Tor does the claim of Campbell, Sarwar and Petersen accord 

with the evidence off: Coinline et al. (1951) and Hansen & 

Phillips (1947) who reported that absorption of antibody 

and gamma globulin from the gut of calves only occurred 

during the first few hours of life. A further objection, 

a theoretical ono, can be postulated against the hypothesis 

of Campbell, Sarwar and Petersen. If the ;t of the calf 

is permeable to protein molecules for a considerable time 

after the neonatal period, the animal might absorb, in 

addition to lactoglobulin, foreign proteins inducing hyper- 

sensitivity against a wide variety of antigens. 

Because of the difficulties associated with the im- 
sonne 

i LUY?ilation ofA oung calves against rinderpest, a special 

procedure has been adopted in areas of East Africa where 

compulsory rinderpest vaccination is enforced. All cattle 

presented for immunization are inoculated but only those 

animals which, in the opinion of the field officer, are more 

than 12 months old are branded to show that they have been 

immunized. Cattle less than 12 months old are not branded 

and, by law, must be re-presented for vaccination in the 

following year. This practical policy is fully justified 

by our experimental findings because only calves of Ú months 

of age or greater, born of immune dons, were invariably 

immunized following the inoculation of caprinised rinderpest 

virus. 
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No calves of 3 months old or les from immune dams 

produced rinderpest antibodies while results in calves 

aged between 4 and 7 months old varied. Some calves 

which possessed maternally-derived rinderpest antibodies 

were actively immunized. The result depended upon the 

level of passive immunity. All calves in which the pre - 

inoculation serum titre was 0.7 or below produced antibodies 

whereas no calves in which the preinoculation titre was 2.2 

or greater did so. Results in calves possessing a pre- 

inoculation serum titre which was between these two levels 

varied. 

.here calves were actively immunized the preinoculation 

titre influenced the titres found 21 days and 1 year after 

inoculation. Where the preinoculation titre was high the 

amount of actively produced antibody was low. Conversely, 

where little or no maternally- derived antibody was present 

at the time of inoculation, the amount of antibody 

produced approached or equalled that produced by susceptible 

adult cattle. One year after I.A.G. virus inoculation, 

there were still significant differences between the titres 

of the calves inoculated at various ages. Those animals 

which had high titres 21 days after inoculation still had 

significantly higher titres than those in which the 

initial response was poor. However, the serum titres of 

actively produced antibody of this latter group had risen 

after the 21 day post -inoculation period; in many instances 
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the 1year post-inoculation titre was greater than the 21 

day post-inoculation úâ.treo Thus calves which possessed 

high prei r4ot:uïu,tiUn titres of maternally-derived rinderpest 

antibodies out which were actively imuunizc;d, produced- anti- 

bodies at a slower rate than those cLlves which possessed 

little or no passive immunity before inoculation. 

Iÿa,lly of the resuïtÑ obtained in the immunization of 

calves f.C'i]t_ immune mothers against .."? ndGrpCát are si Alar 

to those obtained in the immunization age .ir.st diphtheria of 

babies possessing maternally-derived antitoxin. Calves 

could produce U.nti.b when possessing a passive immunity, 

as could babies. Also two levels of passive iLmúni ty were 

found to exist; ell calves with h titres below the lower . level 

produced antibodies whereas none oi those calves with titres 

above the higher limit did so. Also the amount of artiüod:;,- 

produced and the rete of proiiuction depenced upon the level 

of ??a ssi%Fe 3..mmUS1.! ty eX:i^t.;.Ylg at the tire of inoculation. 

However our finding that -druse differences in the amount of 

4;n. T;i..bodÿr produced in the 21 days following inoculation were 

still reflected in the serum titres l year after inoculation 

differs somewhat from results obtained from work on diphtheria 

immunization. Greenberg end Fleming (15l) reported that L 

year after inoculation of diphtheria taxoid there was no sig- 

nificant difference between the average serum antitoxin titres 

of ba,ies who lacked detectable diphtheria antitoxin at the 

_ 

i 
. 

: of i7,oczlatior and those who possessed ed it 



The finding that all calves which possessed maternall-i- 

derived rinderpest antibody to a titre of 0.7 or less 

prod.uced antibody following I; .A. G. inoculation is similar 

to results obtained by Scott (i9,G) in a different field. 

He investigated the effect of inoculating bovine rinderpest 

virus into cattle which previously had been actively immunized 

by the s;:.ille virus strain. Ali cattle in which the antibody 

titre Lid fallen to 1.0 or less yroduced antibody following 

the second inoculation of virus. Scott used G. neutralization 

test in which the serum virus mixtt..res containing 100 rabbit 

11150 of lapinised rinderpest virus were held overnight at +çoC 

. , 
differences before inoculation into rabbits. No significan-t, etzferences 

were found bC;iti7eE3h results obtained when sera were ti'úrafiee: by 

this method and those obtained by the method used in the work 

described in this thesis (Scott and Brown, 1957). 

Some of the calves from immune dams inoculated with K. A. G. 

virus pr°od.uced antibodies without showing thermal reactions, 

thus confirming the finding of Raba. ;lia,ti (1924). This x':i.ndi_r` 

suggests that :ïálne's (1955) view that maternally-derived 

riacitrrpe st immunity in calves from immune dams may last as long 

as 19 months is probably incorrect. Ix? his experiments a calf 

from an imS;.ü.:tE? dam was inoculated with K.A. Z`r. twice, the second 

time being when it was 19 months old. No thermal reaction 

occurred after either inoculation. Therefore, concluded Milne, 

the ir,a.terhaa,lly-derived immunity was still present 19 montas 

after birth. ilowc;ver, it seems probable that the calf was 

actively immunized when first inoculated without snowing a 

thermal ret,ctiolh. 
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Contrary to the findings of Milne (195 5) ye zo ond 

that all calves which showed a thermal reaction following 

K.A.G. inoculation nroduced antibodies and were still 

immune ! year later. 

ft is oi :rnterest, to note that in our experiments 

all calves which skrowecz ricnti of diarrhoea Yo.ilow i n,s>" ca 

rxni_z,.d rindespest virus inoculation possessed little or 

no passive immunity. 

Those calves wt-:ich . laced r°-inÉie-f peb t ne a t.°o:li.oing 

antibodies in their sera 12-15 months after K. A. G. i.nocu- 

la.tior. anf, which. were then inoculated with lapi"zïized rinder- 

pest viras did not possess rinderpest antibodies 'i72 their 

sera 4 days after the latter inoculation. Tim incswca.ted 

that in addition to the failure rre oi the K. A. G. inoculation 

to stimulate the production of an active i_rnr,uiiity, the anti- 

body mechanism was not sensitized to rindeipest antigen, as 

Scott (1956) found that in ce.-E:-ì.le, where a secondary response 

to riY`!dE'r'pe: t artigen occurred, an increase in antibody titre 

was demonstrable 4 days after the second inoculation. Our 

results differ from those ff3Úr,.a in human infants (Osborn et al. 

1952 b) and lambs (Barr et al. 1953) from diphtheria-immune 

mothers> In some ins Lancee v{a.ore the maternally-derived 

immunity was considerable, aa.ti'so7:i.gh there was no active 

production of antitoxin following diphtheria toxoid inoculr tior3, 

the antibody forming Mechunismewere sensitized as shown by 

typical secondary respctzses following re-inoculation of the 

a.nticen. 
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Generally speaking our findings on rinderpest 

immunity in calves support the views of Juany field 

and laboratory workers. Snce the work of Montgomery 

in 1915, much information has been obtained, although 

sometimes by means of uncertain experimental methods. 

One of the pioneers in the field, Croveri (1919), 

deduced many of the right answers to the problem from 

limited data. Our results have confirmed and extended 

some previous findings and put them on a more exact 

foundation. 
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SUMMARY 



Rinderpe st immunity in calves was investigated by 

a study of neutralizing antibodies. 

In young calves aged from 1 day to 2 months, the 

progeny of rinderpest susceptible dams, the serolo,. ics2 

response to viable lapi nixed rinderpest virus, ae 

measured by the serum. titres 21 days after inoculation, 

did not differ from those of adult susceptible cattle. 

Maternally- derived rinderpest antibodies were found 

to be transferred from the Cam to the culf via the colos- 

trum, No antibodies were detected in the sera of calves 

before suckling. The colostra of immune dams contained 

rinderpest e tibodies to a higher titre than that of the 

dams' sera; 30 -40 hours after the ingestion of such 

colostra, newborn calves possessed high antibody levels 

in their sera, levels greater than those of their dams' 

sera, approaching but less than those of the colostra 

ingested. Therea-Iftero the antibody levels in the calves' 

sera declined linearly. The mean half -life of maternally- 

derived rinderpest antibody in calves was 36.7 days and the 

extinction point 10.9 months (the extinction point was the 

thane calculated for, the titre to fall to 100.0, 1 month 

being equal to 30 days). 

Two young calves, from susceptible dams, which each . 

ingested daily for 5 weeks 1 gallon of milk containing 

rinderpest antibodies failed to show evidence of their 

absorption from the intestinal tract. 



In calves which were the ;fro eny of rinderpe s t- immune 

dams the serological response to viable caprinized rinder- 

pest virus depended upon the level of maternally-derived 

passive immunity at the time of inoculation. All calves 

aged & months or more at the time of inoculation produced 

antibodies, whereas no calves aged 3 months or less dié so. 

Some calves aged between 4 and 7 months were, and others 

were not, actively immunized. Two critical levels of 

maternally-derived antibodies occurred, one below which all 

calves produced antibodies and another above which no calf 

produced antibodies. The response in calves with pre - 

inoculation titres between these two levels varied. There 

was a significant relationship between the level of maternally - 

derived antibody at the ti :e of inoculation of vaccine and 

the amount of antibody produced during the following 3 weeks, 

the greater the preinoculation titre the smaller the amount 

of antibody produced. Similarly there was also a signifi- 

cant relationship between the preinoculation titre and the 

1 year post -inoculation titre. Also, where calves possessed 

a high level of antibody before inoculation, but were actively 

immunized, antibody was produced at a slower rate than in 

those calves possessing little or no maternally- derived anti- 

body. 

The development of an active immunity to rinder7}est by 

those calves possessing maternally- derived antibody was not 

necessarily associated with a clinical reaction. When 
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passively immune calves failed to produce antibodies fol- 

lowing caprinized rinderpest virus inoculation, sen- 

sitization of the antibody-forming mechanism did not occur 

as was demonstrated by failure to show an anamnestic 

response foll,)wing later exposure to rinderpest antigen. 
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